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nal knee adduction moment (KAM), has received the most attention
due to its crucial role in knee OA pathogenesis. In a recent study of our
group, we showed in this respect that women with "early" knee OA as
deﬁned by Luyten et al., did not demonstrate an altered loading pattern
yet, whereas women with established OA did show an increased KAM
during gait. The neuromuscular adaptations during gait in patients with
knee OA have received less attention especially in patients with early
OA. The aim of the present study is to assess the differences in gait
related neuromuscular activity in subjects with early OA compared to
healthy controls and established OA patients.
Methods: Eighty-ﬁve women enrolled in the present study. Knee OA
patients were sub-classiﬁed into early (n ¼ 27) and established (n¼ 29)
medial knee OA groups based on the recent classiﬁcation system for
early OA, which combines magnetic resonance imaging with radio-
graphic and clinical ﬁndings. Twenty-nine age-matched asymptomatic
subjects formed the control group. Knee symptoms and function were
evaluated using the Knee Injury and Osteoarthritis Outcome Score
(KOOS) (Dutch version). 3Dgait analysis was performed whereby
bilateral muscle activity of rectus femoris (RF), Medial Hamstrings
(MH), vastus lateralis (VL), vastus medialis (VM), gluteus medius (GM),
and gastrocnemius (GC) was recorded with surface electromyography
(EMG). The EMG was normalized to the peak muscle activity of each
muscle found within each walking trial. Afterwards the mean and
maximum EMG activities were calculated. Co-contraction indices (CCI)
were calculated for 3 pairs of muscles (VM-MH, VM-MGC, and VL-MH)
using the method of Rudolph et al. (2000).
Results: Subjects with established OA had signiﬁcantly lower knee
symptoms and function scores on KOOS compared to healthy controls
or patients with early OA. There were no signiﬁcant differences
between the three groups in the mean normalized muscle activity
during the stance phase of gait. Comparing mean activity of the two
vasti muscles during the stance phase of gait within each group, how-
ever, revealed that the patients with established OA had a signiﬁcantly
higher activity of vastus lateralis compared to vastus medialis (p ˂ 0.05)
in the involved leg but not in the contralateral leg. There was no dif-
ference between the 3 groups in duration of muscle activation as per-
centage of the stance phase of the gait cycle. The CCI for the Medial
Gastrocnemius-Vastus Medialis was decreased in the early OA group
compared to the healthy controls and the established OA group,
although this difference did not reach signiﬁcance (p ¼ 0.09).
Conclusions: Patients with early OA did not show similar alterations in
neuromuscular control compared to the established OA patients. The
tendency of patients with early OA to decrease medial co-contraction
might be a strategy to reduce medial compartment knee joint loading.
Comparable to previous studies, patients with established OA showed
some neuromuscular adaptations, such as an increased activation of
vastus lateralis compared to vastus medialis. Other previously reported
ﬁndings, like an increased duration of muscle activation, were not
replicated in this study. Neuromuscular adaptations during gait appear
to occur later in the disease process, thus they probably aren’t risk factor
in knee OA pathogenesis.
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BASELINE THREE-DIMENSIONAL KNEE JOINT BIOMECHANICS AND
MUSCLE ACTIVATION PATTERNS DIFFER BETWEEN THOSE WITH
MODERATE OA WHO HAVE RADIOGRAPHIC PROGRESSION VERSUS
THOSE WHO DO NOT
C.L. Hubley-Kozey, K.E. Costello, G.L. Hatﬁeld, J. Astephen-Wilson,
W.D. Stanish. Dalhousie Univ., Halifax, NS, Canada
Purpose: Recent management strategies for knee osteoarthritis (OA)
include biomechanical interventions, but few longitudinal studies have
linked biomechanics to progression. For structural progression the
focus has been on knee adduction moment features (ﬁrst peak and
impulse), whereas both frontal and sagittal plane moments have been
linked with progression to total knee arthroplasty (TKA). As both 3D
moments and muscle forces contribute to overall joint loading, this
preliminary study sought to determine differences in knee joint muscle
activation patterns and 3D biomechanics during gait in individuals with
medial compartment knee OA who progressed structurally after long-
term follow-up versus those who did not.
Methods: 56 individuals with moderate medial compartment knee OA
(i.e. high function/not TKA candidates) completed baseline isometric
strength assessment of plantar ﬂexors, knee extensors and ﬂexors usinga Cybex isokinetic dynamometer. 3D lower limb motion and ground
reaction forces were recorded during walking at a self-selected speed
along with surface electromyograms (EMG) from 7 muscle sites
(medial/lateral gastrocnemius and hamstrings, vastus lateralis/medi-
alis, and rectus femoris). Standard anterior posterior X-rays were taken
at baseline and 8.1  1.5 years later with medial tibio-femoral joint
space narrowing (JSN) scored at each time point by a high volume
orthopaedic surgeon (WDS). 3D angles were expressed in the joint
coordinate system and external moments were calculated using inverse
dynamics and normalized to body mass (Nm/kg). Peak knee adduction
moment was calculated. Shape and magnitude features for bio-
mechanics and EMG waveforms were extracted using Principal Com-
ponent Analysis, and each participants’ waveforms were scored based
on how closely they matched extracted patterns. Progression was
deﬁned as increased JSN score at follow-up. Between-group differences
were identiﬁed with t-tests (a ¼ 0.05).
Results: Nineteen participants with maximal baseline JSN scores (JSN ¼
3) were excluded. Of the 37 remaining, 21 progressed based on JSN
scores. There were no baseline differences in demographics (age ¼ 57
years, body mass index ¼ 31kg/m2), isometric strength, walking
velocity (1.2 m/s), or WOMAC scores (33) between the groups (p >
0.05). Those that progressed were slightly higher functioning (SF36:
74.7 vs. 63.5, p<0.05), had lower overall knee ﬂexion moment magni-
tude (p<0.05) and had a phase shift in peak internal rotationmoment to
earlier in stance (p < 0.01). Peak knee adduction moment was 19%
higher in the progression group, but was not statistically signiﬁcant. For
the EMG characteristics, those that progressed had a shift in lateral
gastrocnemius activity to earlier in the stance phase (p ¼ 0.05). The no
progression group appeared to have prolonged medial hamstring
activity during stance but this difference was not signiﬁcant (p ¼ 0.06).
Conclusion: While previous studies have linked knee adduction
moment features with structural OA progression, the present study
found a relationship between progression and both sagittal and trans-
verse plane features; the former related to a sustained ﬂexion moment
and the latter related to joint shear due to rotation moments. The phase
shift in lateral gastrocnemius activity is consistent with the altered
rotation feature and a more atypical rotational pattern. Altered sagittal
and frontal plane loading has also been linked to TKA progression,
although the sustained loading characteristics associated with TKA
progression were not present here. This is the ﬁrst study to provide
preliminary evidence linking both sagittal and rotational gait
mechanics to OA progression in human studies supporting the inclusion
of additional biomechanical targets in management strategies to slow
structural disease progression.
Funding from Canadian Institutes for Health Research (CHK) and
Trainee support from Nova Scotia Health Research Foundation (KEC).
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CHANGES IN JOINT LOADS, LEPTIN, AND MMP-3 SUBSEQUENT TO
LONG-TERM INTENSIVE WEIGHT LOSS AND EXERCISE: SECONDARY
OUTCOMES FROM THE INTENSIVE DIET AND EXERCISE FOR
ARTHRITIS RANDOMIZED CLINICAL TRIAL
S.P. Messier y, P. DeVita z, B.J. Nicklas x, D. Beavers x, G.D. Miller y,
D.J. Hunter k, F. Eckstein{, A. Guermazi #, R.F. Loeser yy. yWake Forest
Univ., Winston-Salem, NC, USA; z East Carolina Univ., Greenville, NC,
USA; xWake Forest Sch. of Med., Winston-Salem, NC, USA; kUniv. of
Sydney, Sydney, Australia; { Paracelsus Med. Univ., Salzburg, Austria;
#Boston Univ., Boston, MA, USA; yyWake Forest Univ. Sch. of Med.,
Winston-Salem, NC, USA
Purpose: besity is oneof themostmodiﬁable risk factors for symptomatic
knee osteoarthritis (OA), and dietary induced weight loss combined with
exercise is potentially the best non-pharmacologic treatment. We report
secondary outcomes of a randomized clinical trial designed to test the
hypothesis that intensiveweight loss, eitherwith orwithout exercise,will
reduce knee joint loads, and serum Leptin and MMP-3 levels.
Methods: The Intensive Diet and Exercise for Arthritis (IDEA) trial was
an 18-month prospective, single-blind, randomized controlled trial that
enrolled 454 overweight and obese (BMI ¼ 27-41 kg/m2) older (age 
55 yrs) adults with pain and radiographic evidence of tibiofemoral OA.
Participants were randomized to one of three 18-month interventions:
intensive dietary- induced weight loss-plus-exercise (DþE); intensive
dietary-induced weight loss-only (D); or exercise-only (E). The weight
loss goal for the two diet groups was  10% of baseline body weight.
Exercise included low-to-moderate intensity walking and resistance
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S84training 3 d/wk for 18 months. Bone-on-bone knee joint forces were
calculated using musculoskeletal modeling, and serum levels of Leptin
and MMP-3 were measured by ELISA.
Results: Both diet groups (D and DþE) lost signiﬁcantly (p < 0.001)
more weight than the E group (D, -8.9 kg, 9.5%; DþE, -10.6 kg, 11.4%; E,
-1.8 kg, 2.0%). At 18-month follow-up, knee compressive impulse (N*s),
a measure of total compressive load per step, was signiﬁcantly lower (p
¼ 0.0007) in the D (1069 N*s) and DþE (1054 N*s) groups compared to
the E group (1130 N*s). There were no signiﬁcant group differences in
peak shear forces (p ¼ 0.12) or peak patellofemoral forces (p ¼ 0.07).
However, there was a signiﬁcant (p < 0.05) dose response to weight
change, independent of group assignment, in shear forces with the
highest weight loss category (-32% to -10%) having the lowest peak
shear forces (Hi, 397 N; Medium, 420 N; Lo, 439 N). There was a sig-
niﬁcant (P< 0.05) between group difference in Leptin (DþE, 26.7 ng/mL
and D, 27.4 ng/mL < E, 35.6 ng/mL) but no difference in MMP-3 levels.
Both Leptin and MMP-3 showed a signiﬁcant (p < 0.05) dose response
to weight change with the highest weight loss group showing the
lowest Leptin and MMP-3 levels.
Conclusions: These data provide new support for the safety and efﬁ-
cacy of intensive weight loss in the treatment of idiopathic knee OA in
overweight and obese adults. A long-term intentional weight loss of at
least 10% of baseline body weight, with or without exercise, sig-
niﬁcantly reduced knee joint loading and serum Leptin levels.
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GAIT ANALYSIS AND REAL-VISUAL FEEDBACK FOR GAIT RETRAINING:
TOWARDS APPLICATION IN KNEE OSTEOARTHRITIS
J. van den Noort y,z, F. Steenbrink x, S. Roeles x,k, J. Harlaar y,z. yVU Univ.
Med. Ctr., Dept. of Rehabilitation Med., Amsterdam, Netherlands; zMOVE
Res. Inst. Amsterdam, Amsterdam, Netherlands; xMotek Med. B.V.,
Amsterdam, Netherlands; kDept. of Human Kinetic Technology, The
Hague Univ. of Applied Sci., Den Haag, Netherlands
Purpose: Knee osteoarthritis (KOA) has been associated with abnormal
loading on the tibio-femoral joint, especially the medial compartment.
Gait retraining is a strategy to unload the knee, and thereby aims to
decrease the pain and further progression of KOA. Real-time visual
feedback onwell-chosen gait parameters (kinetic or kinematic) during a
gait analysis has potential to be effective in gait retraining of KOA
patients. Currently, knowledge about the most effective types of real-
time visual feedback on gait parameters to reduce knee loading is
lacking. The aim of this study is to investigate four types of real-time
visual feedback of respectively a kinetic and a kinematic gait parameter,
evaluating the feasibility of such techniques for gait retraining of KOA
patients. Additionally, the different kinematic strategies that individual
subjects use to reduce their knee load are investigated.
Methods: Nineteenhealthy subjects (8males,11 females; age 28.27.6y)
walked on the GRAIL (Gait Real-time Analysis Interactive Lab, Motek
Medical B.V., the Netherlands), which comprises an integrated
synchronized virtual reality system, projected on a semi-cylindrical
screen,with an instrumenteddual-belt treadmill, including forceplates to
measure ground reaction forces, and amotion capture system (Vicon B.V.,
Oxford, UK) to measure kinematics. Subjects were presented with four
types of real-time feedback (i.e. a bar, a polar plot, a color change and a
graph), on twodifferent gait parameters. Thegait parameters included the
external knee adduction moment (KAdM, reﬂecting the knee load), and
the internal hip rotation angle (a gait modiﬁcation strategy that can be
used to reduce the KAdM). Compared to a baseline recording subjects
were asked to decrease the KAdM or to increase internal hip rotation by
modifying their gaitpattern,whilekinematics andkineticswere recorded.
Results: With visual feedback of the KAdM, the KAdM Impulse (area
under the curve in %BW*Ht*s (BW¼ bodyweight, Ht ¼ height, s ¼
seconds)) decreased signiﬁcantly (bar 48%, polar 61%, color 45% and
graph 49%) compared to baseline level (Figure 1). With visual feedback
of the hip angle, the mean internal hip rotation increased signiﬁcantly
(bar :8deg, polar :10deg, color :8deg, graph :7deg), however the KAdM
did not decrease signiﬁcantly compared to baseline level (Figure 2). The
amount of change in the gait parameters was not signiﬁcantly inﬂu-
enced by the type of visual feedback.
Kinematic changes that subjects showed to reduce the KAdMwhile visual
feedback of the KAdM was provided, were a change in foot progression
angle (toe-in angle increased), accompanied with an increased step
width, and decreased hip adduction. Furthermore, knee valgus angle and
pelvis protraction increased, and maximal hip extension decreased.Conclusions: Real-time visual feedback can be used to modify gait
parameters in healthy subjects demonstrating the feasibility of such
techniques for gait re-training in KOA patients. The type of feedback did
not have any signiﬁcant effect on the decrease in KAdM. When aiming
to reduce knee load, implicit feedback of the target parameter (the
